We present here a morphological, cytochemical and biochemical study of the macrophagic differentiation of human pro-monocytic U937 cells exposed to moderate intensity (6 mT) static magnetic fields (MF). It was found that the following substances induced differentiation in U937 cells to a progressively lower degree: 50 ng/mL 12-0-tetradecanoyl-13-phorbol acetate (TPA), low concentration of glutamine (0,05 mM/L), 10% dimethyl sulfoxide (DMSO) and 100 mM/L Zn ++ . Differentiated U937 cells shift from a round shape to a macrophage-like morphology, from suspension to adhesion growth and acquire phagocytotic activity, the cytoskeleton adapting accordingly. Exposure to static MF at 6 mT of intensity decreases the degree of differentiation for all differentiating molecules with a consequent fall in cell adhesion and increased polarization of pseudopodia and cytoplasmic protrusions. Differentiation alone, or in combination with exposure to static MFs, affects the distribution and quantity of cell surface sugar residues, the surface expression of markers of macrophage differentiation, and phagocytotic capability. Our results indicate that moderateintensity static MFs exert a considerable effect on the process of macrophage differentiation of pro-monocytic U937 cells and suggest the need for further studies to investigate the in vivo possible harmful consequences of this.
T he interest in the biological effects of non-ionizing electromagnetic fields (EMFs) on the whole organism, as well as on cellular systems, has considerably increased in recent years in consideration of their probable health risk for humans. Specifically, the influence of static magnetic fields (MFs) on biological systems has been a topic of considerable interest for many years (Rosen, 2003a; Tenforde, 1985) . Induced electric currents are associated with these fields during activation and deactivation or with movement within the field (Rosen, 2003a; Tenforde, 1985) .
Findings on the effects of exposure to electro and/or magnetic fields on humans are often contradictory and therefore difficult to interpret. Literature data concerning the biological effects of MFs and EMFs are also contradictory, mostly due to the multiplicity of experimental conditions (i.e., in vitro or in vivo models, intensity and type of field, oscillatory or static, time of exposure, metabolic state of the cells, etc). However, converging data indicate that the primary site of action of both MFs and/or EMFs is the plasma membrane (Santoro et al., 1997; Rosen, 2003 a,b) . The influence exerted by MFs (static or oscillating) on the plasma membrane has been described at different levels: on its surface (Paradisi, 1993) , on the distribution of membrane proteins and membrane receptors (Bersani, 1997) , on the cell-cell and cell-matrix junctions (Somosy, 1999) , on cell membrane sugar residues (Bordiushkov et al., 2000; Chionna et al., 2003) and on trans-membrane fluxes of different ions, especially calcium (St Pierre and Dobson, 2000) ; in turn these perturbations influence the apoptotic rate, cellular shape and cytoskeleton (Chionna et al., 2003; Fanelli et al., 1999) . Taking into account a link between childhood and worker cancers and exposure to MFs (Comba et al., 1995; Milham, 1996) , and the fundamental role played by the physiological condition and/or the developmental history of the cells in the response to MFs exposure, a study into monocyte/macrophage differentiation, by using U937 cells continuously exposed to 6 mT static MF, could help in understanding this link. U937 cells, a histiocytic lymphoma cell line, preserve all the monoblastic characteristics of in vivo monocytes, including the ability to differentiate into mature macrophages under the effects of different inducers (Hosaya and Maranouchi, 1999) . Differentiated U937 cells adhere to the culture plate and acquire phagocytotic capability. It is worth noting that many of the properties of mature macrophages are plasma membrane mediated, and, therefore, the influence of static MFs on the differentiation process of U937 (in particular for adhesion and phagocytosis) can be hypothesized. Unluckily, literature data regarding the effects of MFs on cell adhesion and phagocytosis are scarce. Inhibition of cellular adhesion for fibroblasts and human melanoma cells, have been reported in the studies by Blumenthal et al. (1997) and Short et al. (1992) using respectively EMFs or MFs exposure. Scarce are also the data on monocyte differentiation into macrophages by phorbol esters (Tao, 1999; Simko et al., 2001 ) and those on phagocytosis (Simko et al., 2001; Flipo et al., 1998) under exposure to MFs. On the other hand, it is known that in the absence of MFs exposure, phorbol esters exert their biological effects by altering gene expression through the activation of protein kinase c (Nishizuka, 1984; Pedrinaci et al., 1990) , and by modulating the activity of transcriptional factors that bind cis elements, such as Nf-kB,AP-1, AP-2, AP-3 etc. (Garcia et al., 1999) . In this process, the expression of adhesion receptors notably changes (Garcia et al., 1999) .
The aim of the present work was to study the macrophagic differentiation of human pro-monocytic U937 cells under static MF exposure. The effect of 6 mT staticMF on the macrophagic differentiation of U937 cells, with respect to the degree of differentiation, phagocytotic activity, cell surface markers, cell shape and F-actin integrity, is reported, giving evidence of the biological effects of static MF exposure. Differentiation was followed by biochemical, morphological and cytochemical observations and the analysis of the capacity to phagocytose latex particles.
Materials and Methods

Cells and cultures
U937 monoblastic cells were cultured in RPMI 1640 medium at 37°C supplemented with 10% inactivated fetal calf serum (FCS), 2 mM L-glutamine, 10.000 IU/mL nistatine, 100 IU/mL penicillin and streptomycin in a humidified atmosphere of 5% CO 2 ; cells were used at a density of 1x10 6 cells/mL.
Macrophagic differentiation
U937 cells were differentiated on a substrate of fibronectin 10 µg/mL left on the bottom of dishes for 18 hrs at 4°C, and then saturated with 1% bovine serum albumin-phosphate buffer pH 7.4 (BSA-PBS) for 90 min at 12°C. Macrophage differentiation was induced with: 50 ng/mL 12-0-tetradecanoil-13-phorbol acetate (TPA), 10% dimethyl sulfoxide (DMSO), 100 mM/L Zn ++ or with low concentration of glutamine 0,05 mM/L (using a culture medium not supplemented with Lglutamine).
Differentiation was monitored for 3 days following the addition of the inducers and its degree was evaluated by morphological criteria and Nitro blue tretrazolyum testing (NBT) (Mendelsohn, et al. 1980) . NBT can be used to determine U937 differentiation by both light microscopy observations of diformazan crystals and by spectrophotometric analysis. At fixed times, 100 µl of 10 mg/mL NBT in PBS were added to 3 mL cell medium; cells were incubated at 37°C in a humidified atmosphere of 5% CO 2 for 30 min and for 2 hrs, before undergoing light microscopy and for spectrophotometric analysis respectively. Cells were washed three times with PBS pH 7.4, fixed with 4% formalin in the same buffer and then stained with May-Grunwald dye for light microscopy observation. Cells with diformazan crystals (differentiated cells) were counted. Spectrophotometric analysis (absorbance λ=560nm) was performed with cells washed three times with PBS pH 7.4 and in which diformazan crystals were dissolved in 2 mL of DMSO.
Static magnetic field application
Static MF was produced by Neodymium magnetic disks (10 mm in diameter and 5mm in height) of known intensity supplied by Calamit Ltd (Milano, Italy) placed under the culture Petri dishes. The intensity of the field generated by the magnet was checked by means of a gaussmeter (Hall-effect gaussmeter, GM04 Hirst Magnetic Instruments Ltd, UK).The field intensity of 6 mT is obtained on the bottom of the culture dish at 2.5 cm from the magnet. This distance was obtained by interposing between the magnetic disk and the Petri dish two disks of the same diameter as the culture dish, one metallic disk (in order to minimize the differences in the field intensity across the whole bottom of the dish) and one of inert material. The field intensities measured in three different zones of the dish bottom have been described in details in a previous work (Chionna et al., 2004) . During the entire period of experiment no increase in temperature was observed. Dishes of cells were always placed on the same two shelves in a tissue culture incubator where the ambient 50Hz magnetic field was 0.95/0.62 µT (heater on/off) and static magnetic flux density was 5.5 µT. In the laboratory areas where the cells were processed (between incubators and worktop) the field measured ranged between 0.08 and 0.14 µT (50 Hz) magnetic fields.
Static MFs were applied concomitantly with differentiation inducers. Exposures were carried out in a blind manner. Simultaneously experiments by omitting the magnets were performed as controls. 
Scanning electron microscopy
Morphological characteristics of differentiated and non-differentiated U937 cells were observed by scanning electron microscopy (SEM). 10 6 cells/mL were fixed with 2.5% glutaraldehyde in cacodilate buffer, pH 7.4, for 1 h at ice temperature, postfixed with 1% OsO 4 in the same buffer and dehydrated. SEM observations were performed on cells deposited on APES-treated (2% Acetone) coverslip slides for non-differentiated cells and on fibronectin 10 µg/mL coverslip slides for differentiated cells.
Critical Point Dryer 020 Balzer and Sputter Coated 040 Balzer were used for the final preparation steps. Cells were examined under a Philips XL50 scanning microscope operating at 20 KV.
Cytochemistry and immunofluorescence analysis
U937 cells, fixed with 4% formalin in phosphate buffer pH 7.4 for 10 min. and deposited on gelatinated microscopy slides (for non adhering cells) were analyzed for surface localization of sugars by using 40 µg/mL Concanavalin-A (Con-A) (mannose) and 2 µg/mL fluorescein isothiocyanate (FITC)-conjugated Ricinus communis (D-galactose) for 30 min in the dark. FITC-conjugated Phalloidin was used at a concentration of 10 µM for 20 min for actin detection. FITC-conjugated AnnexinV was used to localize phosphatydilserine (PS) on the cell surface; it was used at a concentration of 20 µM for 20 min at room temperature in the dark. After induction with TPA for 3 days in the absence or presence of static MFs, cells were washed twice with ice-cold PBS and incubated at 4°C with the following FITC-conjugated antibodies: anti-CD11b, anti-CD14, anti-CD 33, anti-CD15. As a negative control, we used an irrelevant FITC-conjugated monoclonal antibody. Samples were observed with a Nikon PCM 2000 microscope (Nikon, Japan) with Plan Fluor objectives (Nikon, Japan). Confocal microscopy was performed utilizing a confocal Nikon PCM 2000 laser scanning head based on a Nikon Eclipse 600 microscope, equipped with an Argon Laser ED HeNe 488 nm 543 nm source. Acquisition and visualization were completely computer controlled with the EZ 2000 software (Coord-Nikon, The Netherlands).
Phagocytosis of latex beads
Fluorescent latex beads, 2 µm in diameter, were added, in a ratio of 10 beads for 1 cell, to the culture medium of U937 cells, differentiated in the presence and absence of static MFs. After 15 min., 30 min., 1, 2, and 3 h, cells were washed at least 10 times in PBS and then fixed with 4% formalin. U937 cells were further stained with FITC-conjugated phalloidin. Samples were observed with conventional and confocal fluorescent microscopy, and cells that had adhered or phagocyted latex beads were counted.
Results
U937 cells are round shaped cells with short microvilli, scarce cytoplasm and a large bean-shaped nucleus. U937 cells can be induced to differentiation by a large number of substances (TPA, DMSO, Zn ++ and low concentration of glutamine). In their differentiated stage these cells assume a typical macrophagic aspect, adhere to substrate, and change morphology: they assume a more irregular flat shape 78 P. Pagliara et al. Table 1 ).
TPA is the most effective macrophage-inducer of U937 cells
In our experiments, the most efficient molecule able to induce macrophage differentiation of U937 cells (as revealed by the large number of substrateadhering cells, NBT, the typical morphology of macrophages and phagocytotic capability) was TPA, followed in decreasing order by low glutamine concentration, Zn ++ and DMSO (Figure 2 and Table1). Differentiation of U937 cells induced by TPA started soon after the first day of incubation and increased progressively up to the third day ( Figure  3 ). U937 cells were not induced to differentiate when cultured in the presence of fibronectin substrate; indeed, these cells maintained their round shape and were used as controls in all experiments. The degree of U937 cells differentiation was time-dependent; it increased during the second and the third day of treatment.The number of adhering cells was, in turn, a function of the degree of differentiation (Figure 2 ): very low after two days of culture, dropping almost to zero at the third day for control cells and for Zn ++ and DMSO treated cells; conversely, for low glutamine concentration and, particularly, for TPA-treated cells, the number of substrate-attached cells increased after 3 days, thus indicating their ability to induce macrophage differentiation.TPA-differentiated U937 cells were used in all the experiments described below unless specified.
Static magnetic fields inhibit TPA-induced differentiation of U937 cells
When U937 cell differentiation took place under static MF exposure, a decreased degree of differentiation was found at all times and for all parameters measured (morphology, NBT, phagocytosis), thus showing the inhibitory effect of SMFs during macrophage differentiation of U937 cells induced by TPA (Figure 3 ).
Static MFs affect cellular shape and substrate adhesion in differentiated U937cells
Differences regarding cellular shape were also analysed in macrophage differentiated cells in the presence of static MFs; the microvilli of static MFexposed undifferentiated cells became lamellar or bubble like (compare Figure 1 b and Figure 4 a). U937 cells differentiated under MFs were characterized by an only slightly flattened shape (Figure 4  b) and, often at one pole of the cell, by protrusions and pseudopodia that conferred an elongated shape and foamy appearance on the cells. In general, the adhesion rate of exposed cells was lower than that of non-exposed cells, at all measuring times. When cells were treated with TPA in the presence of static MFs, the number of substrate-attached cells fell (Figure 4 c) ; this is in agreement with the lower degree of differentiation of exposed cells compared to those maintained in cultures in the absence of static MFs.
Static magnetic fields interfere with cell surface molecules expression
Mature macrophages are characterized by the expression of a specific set of molecules on their cell surface (i.e., integrins, adhesion molecules, phosphatidyl serine, etc.). By immuno and cytochemical fluorescence investigations the expression of PS, CD11, CD14, CD15, CD33 and sugar residues were studied.
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Original Paper PS is constitutively expressed on the surface of mature macrophage (Callahan et al., 2000) , and U937 cells induced with phorbol 12-myristate 13-acetate (PMA) to differentiate into mature macrophages develop PS on their surface (Williamson and Schlegel, 2002 ). In our study, which used TPA, PS was also expressed during differentiation on the developing adhesion uropodes (Figure 4 a) . The exposure to static MF of undifferentiated U937 cells led to heavy labelling of the surface with AnnexinV-FITC conjugates. A similar increase in PS expression on the cell surface was found in cells differentiated in the presence of static MF when compared with those differentiated in the absence of static MF (Figures 5 b, c) . TPA induced rapid adhesion to the plastic surface, accompanied by a significant increase in cell surface expression of CD11 molecules and the myelomonocytic antigen CD14 (Figure 6 ). In contrast, CD33 did not change and CD15 was downmodulated (data not shown). Exposure to static MF leads to a further increment of surface expression of CD11 and CD14 during the macrophage differentiation as well as in undifferentiated cells (Figure 6 ). Non significant changes of CD33 and CD15 surface expression were observed for both undifferentiated and differentiated cells exposed to static MF.
By using FITC-conjugated lectins (Con-A for mannose residues and Ricinus communis for galactose residues), the expression of mannose and galactose moieties were localized on differentiated U937 cells in the presence and absence of static MFs. In a previous study, we showed that undifferentiated U937 cells, in the absence of static MFs, express abundant residues of both mannose and galactose on their surfaces (Chionna et al., 2003) . When cells are cultured for 24 h in the presence of static MFs, the intensity of the lectin-FITC fluorescence decreased, indicating a decrement of mannose and galactose moieties on the cell surface (Chionna et al., 2003) .
In differentiated U937 cells, the mannose residues disappeared from the surface; however, Con-A binding sites were detected only after Triton pre-incubation of cells, thus indicating preferential cytoplasmatic localization of mannose residues (the highest intensity was shown after three days of incubation with TPA) in the mature macrophages (Figure 7) . Con-A-FITC labelling inside the cytoplasm was further enhanced with the presence of static MFs during TPA induction. Conversely, galac- tose residues, whose surface expression was higher in differentiated cells with respect to non-differentiated ones, were more abundantly expressed on the surface of cells differentiated in the absence of static MFs than on the surface of cells differentiated in the presence of static MFs. With or without exposure to static MFs, galactose residues inside the cells were very scarce (data not shown).
Static MFs affect F-actin distribution
In addition to their roles in cell adhesion, integrins regulate cytoskeletal organization and mediate transmembrane signal transduction (Yamada and Miyamoto, 1995) . Cytoskeleton modification affects cell shape; this is supported by the observation that F-actin in the differentiated cells, as detected by FITC-conjugated phalloidin, is highly expressed in the cytoplasmic protrusions. F-actin in non-differentiated U937 cells is de-arranged following exposure to static MFs (Chionna et al., 2003) , while in the static MF-exposed differentiated cells the fluorescence is polarized in the cytoplasmic protrusions and pseudopodia (Figure 7 ).
The influence of static MFs on phagocytosis
One of the typical properties of mature macrophages is their ability to phagocyte. The ability of TPA-differentiated U937 cells to phagocytose latex particles was tested in the presence or absence of static MFs for 3 days. U937 cells acquire the ability to phagocyte only after macrophagic differentiation. Differentiated U937 cells actively phagocytosed latex particles, but exposure to static MFs for up to 2 h reduced the number of cells internalizing them. However, the phagocytotic indices of both exposed and nonexposed cells were almost comparable after 3 h of 
Discussion
The influence of static MFs on biological systems has drawn the interest of many researchers (Rosen, 2003a; Tenforde, 1985) , aimed to explain the biological effects of these fields. Static MFs have been classified into weak (< 1 mT), moderate (1 mT to 1 T), strong (1 T to 5 T), and ultra-strong (>5 T). A number of organisms are using weak geomagnetic fields for spatial orientation and navigation; indeed, biogenic magnetite is used as a field sensor. The ability of strong and ultra-strong fields to alter the orientation of a variety of diamagnetic anisotropic organic molecules, has been considered the cause of many of their biological effects. Conversely, the effects in several biosystems of moderate-intensity static MFs (used in the present work) are still controversial.The phenomenological descriptions of the initial reports, have been followed by studies aimed to define their mechanism of action. A virtual explanation to all the bio-effects attributed to moderate static MFs could be due to the effects of these fields on the molecular structure of excitable membranes. As a consequence, the function of embedded ion-specific channels is modified. Our data support the widely-held opinion that the plasma membrane is the primary site of action of static MFs (Rosen, 2003b; Tenforde, 1985; Santoro et al., 1997; Panagopoulos et al., 2000; Cho et al., 1999) . Exposure to static MFs gave rise to a series of modifications irrespective of the differentiated or undifferentiated state of U937 cells; cell surface and shape and F-actin distribution were both affected, as was the expression of integrins, surface antigens and sugar residues (Chionna et al., 2003) . The effect of 6 mT static MFs on the macrophage differentiation of U937 cells, measured by monitoring the production of reducing substances, by morphological and cytochemical observations and by evaluation of the ability to phagocytose latex particles, is reported here, providing evidence of the biological effects of moderate static MFs. In our study, the molecule which induced macrophage differentiation of U937 cells most efficiently was TPA. TPA-differentiated cells (in particular those treated for three days) acquired typi-
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Original Paper cal macrophage morphology, expression of specific surface antigen and integrins and phagocytotic capability. Indeed, phorbol esters are known to induce, with high efficency, differentiation of monocytic cells, most likely through interaction with PKC (Hosaya and Maranouchi, 1999; Takada et al., 1999; Hass et al., 1989; Hass et al., 1989; Ferriera et al., 1991; Liu and Wu, 1992; Roth and Polin, 1992; Jarvinen et al., 1993) . Conversely, our data are not in agreement with those of other authors (Jarvinen et al., 1993; Tobias et al., 1987; Prieto et al., 1994; Katoh et al., 1998; Koyama et al., 2000) , which show that fibronectin substrate saturated with BSA alone is able to induce U937 cells to differentiate; they are in agreement however with data showing that Zn ++ , DMSO and low concentrations of glutamine are poor inducers of macrophagic differentiation (Splitter et al., 1997) .
Knowledge of the effects of static MFs on U937 cell differentiation is scarce and controversial. The data here reported indicate that exposure to static MFs interferes with U937 cell differentiation. Indeed, exposure to static MFs diminished the number of TPA-differentiated cells. Differences with respect to our results, likely due to different experimental conditions i.e. the type of field (static as opposed to oscillating) and its intensity, have been reported by Tao (1999) , who showed that exposure of HL-60 cells to 60-Hz EMF at 1 G is approximately equivalent (in terms of differentiation) to treatment of the cells with 250-500 pg/mL TPA. Furthermore, both EMF and TPA treatment have an enhancing effect on differentiation at low TPA concentrations (Tao, 1999) .
Cell adhesion is a fundamental step in many physiological processes such as development, cell-cell contact, differentiation etc. It is not surprising that any alteration of the surface molecules affects adhesion.The external surface of differentiated and undifferentiated U937 cells exposed to static MFs for at least 24 hrs is dramatically different from that of non-exposed cells (Chionna et al., 2003) . However, here we report that not all cell surface molecules are modified in the same way, or to the same extent (quantity and distribution).The reason could be due to the different diamagnetic properties of the individual molecules (Rosen, 1992; 2003a,b) . In particular, integrin expression is enhanced, depressed or unaffected at the same time for the different molecules. This could help to explain why substrate adhesion is influenced by static MFs. Once again, the use of different fields can give different results, as for example with the inhibition of fibroblast adhesion in the presence of 60 and 1000 Hz EMFs, and melanoma cell adhesion in the presence of a static MF using a 4.7-Tesla superconducting magnetic resonance imaging (MRI) magnet (Blumenthal et al., 1997; Short et al., 1992) . Mature macrophages are the professional phagocytes of the organism. The ability to bind to and ingest particles is a feature of the macrophagic differentiation of monocytes, which conversely are unable to internalize any kind of particle. Phagocytosis is a very complex phenomenon that requires molecules for the recognition of foreign particles, followed by the rearrangement of the phagocyte shape leading to the engulfment of the particles to be ingested (Rabinovitch, 1995; Aderem and Underhill, 1999; Chimini and Chavier, 2000) . Differentiated U937 cells are able to ingest latex particles at a very efficient rate, which however is strongly reduced during the first two hours of incubation with latex particles under static MFs. However, the phagocytotic index reached the values as the control after three hours of incubation with the particles. Surprisingly, the ability to bind to but not to ingest latex particles was always higher under exposure to static MFs, thus confirming the fundamental role of the modifications to cell surface molecules achieved after exposure to static MFs. The reason for such a modified phagocytotic index is not clear. However, it could be hypothesized that many consecutive causes converge, such as variation of Ca ++ concentration, which modulates the cytoskeleton, in turn affecting the ability to engulf; modifications to the cell surface can then affect binding to latex particles. However, data from the literature regarding phagocytosis under static MFs or 50 Hz EMFs, are also controversial; it has been reported to increase as well as decrease for lymphocytes and macrophages (Simko et al., 2001; Flipo et al., 1998) .
From what has been reported above, there is substantial evidence to indicate that moderate-intensity static MFs are capable of influencing differentiation of monocytic cells in mature macrophages. Specifically, all the altered values here reported are closely linked to the plasma membrane. Most of the reported effects of moderate static MFs may be explained on the basis of alteration of membrane calcium ion flux (Rosen, 1996) . Indeed, Ca ++ has been demonstrated to be affected by static MFs (Fanelli et al., 1999) . In a previous paper, we showed that in lymphocytes and U937 cells, normal or triggered to apoptosis, exposure to static MF of 6 mT caused the concentration of Ca ++ to increase (Chionna et al., 2003) . Probably Ca ++ also has a key role in the reduction and/or delay here reported of differentiation and phagocytosis under exposure to static MFs. Ca ++ is very important for PKC induction by TPA and for cytoskeleton structure, whose perturbations influence phagocytosis and the expression and distribution of surface molecules (Chimini and Chavier, 2000; Carraway and Carraway, 1989) . Specifically, the exposure of PS on the external surface of undifferentiated U937 cells can be due to modifications in Ca ++ concentration. PS is largely confined, in normal cells, to the inner leaflet of the plasma membrane. In apoptotic cells, PS becomes exposed at the outer leaflet of the membrane. This results from transmembrane lipid scrambling that is not counteracted by the flippases that maintain lipid asymmetry in normal cells (Greenberg and Grinstein, 2002) . The kinetics and specificity of the lipid movements induced in these apoptotic cells resemble those seen after activation of the scramblases by elevating cytosolic Ca ++ in normal lymphocytes (Williamson et al., 2001 ).
In conclusion, our data seem to show a considerable effect of moderate intensity static MFs on the process of macrophage differentiation of monocytic U937 cells induced by TPA. Further studies of the biological effects of static MFs (weak, moderate and low intensity) could help determine the degree to which exposure to static MFs increases the incidence of cancer as indicated by epidemiological studies.These studies might also help to find new strategies for protecting against exposure to MFs as well as to EMFs, which are found everywhere in the environment since they are generated by natural and artificial sources, from the generation and transmission of electricity, to domestic appliances and industrial equipment, telecommunications and broadcasting.
